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ABSTRACT

Thefdl of the Berlin Wl in 1989 marked the change of the palitica and military Stuation
worldwide. Peace keegping missons became more likely than mgor regiona conflicts. However,
the conventiond combat smulations, which were developed for the combat between heavily
armored forces could not handle these new Stuations. In these new missons the movement of
ground forces becomes a mgor task for any commander. This thess develops a software
architecture of loosdy coupled software components. These components are combined to
samulate the movement of convoys. The smulation is implemented as an event sep modd. For
visudization of the ongoing Smulation a different component displays the convoy locations on a
geographicd display. The combination of both modules alows the andys to validate a given

movement plan and to identify possible weak points and threets.






THESISDISCLAIMER

The reader is cautioned that the computer programs developed in this research may not
have been exercised for dl cases of interest. While every effort has been made, within the time
avallable, to ensure that the programs are free of computational and logic errors, they cannot be
condgdered vdidated. Any goplication of these programs without additiond verification is a the

risk of the user.
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EXECUTIVE SUMMARY

When the Berlin wall came down in 1989 and the cold war between East and West
ended, the face of the military world changed dramaticdly. Up to this time NATO's drategic
thinking on the battlefidd in Europe was mainly influenced by high-intensity combat and heavily
armored divisons. With this new stuation in Europe and around the world it now had to change to
low-intensity combat and peace keeping operaions. A mgor example of this is the civil war on
the territory of the former Yugodav Republic. While the civil war in Croatia could be settled fairly

quickly, the civil war in BosnialHerzegovina went on for years.

Since its establishment in 1992, the HQ ACE Rapid Reaction Corps (ARRC) was
preparing plans for a peacekeeping operation under NATO command on the territory of the
former Yugodavia While the am of such an operation congtantly changed due to higher politicad
decisons, it became rapidly clear that one of the mgor problems in this operation would be the
movement of ground forces at the beginning and end of the NATO engagement. For this purpose
the HQ ARRC, Operationd Andyss Branch, developed a set of software tools in conjunction
with the Cranfidd Univergty in England to smulate the movement of ground forces. However, the
NATO operation in Bosnia Herzegovina (BH) began before the movement smulation could be

finished and it was findly discarded.

This theds develops a loosdly coupled components architecture for software model
development, which dlows individua independent modules to interact with each other. This
enables andydts to program smdl software components individudly which alow them to focus on
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one specific task a a time. The final combination of these modules provides a powerful tool
combining al the advantages of the individual modules. As an gpplication, a movement smulation
for ground forces was developed. For modeling purposes the moving units are represented as
convoys combining a number of vehicles together in one entity of the smulaion. As in the military
planning process the route network only represents a pre-selected number of roads which the
convoys may use so they can reach their target. The smulation was developed as an event step
mode using the SImK it package, developed at the NPS, for implementation. Java™ was chosen
as the programming language to achieve the maximum portability for the software between various
computer platforms. For visudizing the results of the smulation a pure geographicd display tool

was implemented which alows various levels of resolution.

The combination of both modules within the loosdy coupled software architecture
provides a powerful tool for visudizing the effects and results of a movement plan. The smulation
can be sopped a any time and this enables the user to examine the locations of the moving
convoys in relaionship to each other. As a result the complete movement plan can be evauated

and wesk points or high risk operations can be visudized immediately.
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l. INTRODUCTION

A. THE POST COLD WAR ERA

In November 1989, when the Berlin Wal came down and the Iron Curtain in Europe
disappesred, the military world changed quite dramaticaly. But the earth didn’t become a much
more peaceful place. New conflicts appeared on the political stage that were substantialy
different from the scenarios which were assumed before 1989. Up to then, most planning was
concentrated on maor regiona conflicts between two heavily armored forces using a wide
gpectrum of wegpon systems with very few redrictions on how to use them. Now likely
scenarios are loca conflicts and civil wars, such as the conflicts in Cambodia, Somaia, Rwanda
and the former Yugodavia The type of military action has changed from heavy fighting, with the
god to destroy enemy forces, to peace reestablishment, peacekeeping, and saving of lives.
These were tasks for which the involved armies had little or no training. So far the military
operations research (OR) community has not concentrated on these kinds of missons and
therefore has only a very limited set of tools to support the type of operations required for
carrying them out. Examples of these new types of operations under military control include:

movement control of refugees and humanitarian aid convoys conflicting with military
operations,

dabilization of the political and military Stuation within a country or aregion,
preparation of elections,

reingtdlation of sdf governmenta control.



This thess develops a sat of tools which will support the planning of humanitarian
operations involving movement of refugees, thus helping to fill the ggp in OR support of these
missons. The usefulness of these tools will be shown in a smulation of a scenario, which is

gmilar to the one, which was exercised by higher NATO commands in 1995.

B. SCENARIO

In 1992 the ACE Rapid Reaction Corps (ARRC) was established as a reaction force
which could be used by the Supreme Allied Commander Europe (SACEUR) in response to
crises within his area of respongbility. The multinational heedguarters (HQ) of this reaction force
is cgpable of commanding up to four divisons in an operation. These divisons are assgned to

HQ ARRC by NATO nations for specific missons.

Immediately after being established, the HQ ARRC started consdering possible options
for a peacekeeping operation on the territory of the former Yugodavian Republic. It thereby
focused especialy on a peacekegping mission under NATO command within the boundaries of

Bosnia-Herzegovina

In February 1995 a possble withdrawa operation of UN forces under NATO
protection from Bosnia-Herzegovina was exercised. HQ ARRC was the supreme ground HQ in
this exercise. The higher command for HQ ARRC during this exercise was HQ Allied Forces
South (AFSOUTH). HQ AFSOUTH later became HQ Implementation Force (IFOR) during

the peacekeeping operation in BosnialHerzegovina in 1995/96. For this exercise, the HQ was



deployed under redigtic conditions with its operationd equipment. For the training exercises,
HQ ARRC had three divisions under command:

1% US Armored Division,

3" UK Mechanized Division and

6™ French mechanized division.

The HQs of these divisons were dso involved in this exercise.

The exercise DETERMINED EFFORT 95, took place at the Warrior Preparation
Center, Ramgtein, Germany. Within this exercise it became clear that the old “generd region
conflict* combat smulaions could only be used to a very limited extent for planning and
evauation of this kind of operation. The reason for this was that this new type of operation
condsted primarily of moving units and refugees, negatiations with the warring factions, and
demondgtration of power. Very little fighting was expected and, if there was any, it would be
guerrillaactions against UN or NATO forces and convoys resulting in only afew shots of sniper

fire or mortar rounds.

A combat smulation for mgor regiond conflict was used as an exercise driver. Shortly
after the start of the exercise it became apparent that this program was not able to handle the
scenario. Each time opposing forces came into fighting distance, the smulation computed a
combat Stuaion which resulted in the extinction of one of the fighting units. For these combat

gtuations the smulation computed heavy losses on UN convoys, which consisted mainly of



commercid trucks and no fighting equipment. This was an unredigtic and unexpected result. The

whole system logt its credibility during this exercise and had to be reprogrammed.

C. AVAILABLE PLANNING TOOLS

In February 1995 during the preparation for a NATO operation on the territory of the
former Yugodavia, the HQ ARRC exercised the withdrawa of UN forces under NATO

protection at the Warrior Preparation Center in Ramstein, Germany.

Attached to HQ ARRC was a Operationa Analysis Branch (OAB) which consisted of
three civilian scientigts trained in OR and two officers who had the role of military advisors.
During the previous four years of monitoring the civil war by UN forces, there were
considerable quantities of data available on the operationa route network. Staff members of HQ
ARRC went on reconnaissance tours to UN forcesin the area of interest to prepare for possible
operations. While these data were not nearly complete and changed daily, they provided the
basis for planning during this exercise. There dso was a high degree of uncertainty about what
would actudly happen on the ground and how the weather might influence the status of the

available roads.

Very early during the planning it became clear that one of the mgor areas of uncertainty
was the movement of ground forces. While very little fighting was expected againg NATO and
UN forces, there was Hill the fear that isolated UN soldiers might get taken hostage by the

warring factions and used as a shidd for sdlf protection inside BosnialHerzegovina (BH). It was



therefore critica to quickly move a strong force very fast into BH and to recover dl isolated UN
units in as fast and non-violent manner possible. Because of the uncertainty of the road
conditions and the redtrictions on movement speed within BH, ar recovery of UN units and

abandonment of al heavy equipment was considered.

The planning cycle of acorps HQ lasts about 72 hours. This means that the HQ plansits
operations ahead of time and natifies its subordinate units about its planned actions. The task of
the OAB within HQ ARRC was to support al saff branches in operationd planning. However,
the mgority of work during this exercise was done for the HQ ARRC movement branch, which
esimated the expected movement of its own forces. At this time there were only very limited
tools available to OAB. The mgor planning tool was an EXCEL spreadsheet, which was
condructed during this exercise. A smple movement smulation caled BIEST was dso available
for planning purposes, but this was difficult to use and could only be operated on a
SUN/SPARC workstation. However, even which its limited capabilities, this tool proved
vauable, and OAB was tasked to develop a complete smulation modd for movement of
ground forces after the end of the exercise. Cranfiedld University was tasked to develop the
movement smulation BIEST further and to integrate with other planning and gtaff tools. Due to
priority changesin the overdl contingency planning of HQ ARRC in respect of a BH operation,

only thefirgt stage of this mode was developed; it was never finished.

Since “operations other than war* (OOTW) are more likely nowadays, there is a

desperate need for models to support and evauate planning. The movement planning in any



deployment, redeployment, or withdrawa phaseis absolutdly critical. With an increasing number
of entities, however, it is difficult to forecast the influence of large refugee movements and

vulnerable route networks.

The Operations Research Curriculum at the Naval Postgraduate School (NPS) uses a
Java based smulation kit, called SmKit, in the Syslem Simulation class. SmKit alows the easy
development of event step related models (Buss 1996). This tool provides a good foundation
for a movement smulation which could support a planning procedure as described above.
However, the current SmKit classes lack the capacity to visuaize the computed events on a
geographica display. A geographical display tool would be most useful for the user and analyst

to visudize the ongoing Smulation.

D. OUTLINE OF THE THES S

This thess develops a graphicd movement smulation, which dlows the andyd to
visudize the effects of the movement of ground forces on a geographica display. The sysem
which was used by OAB during the exercise was a monalithic software product in which display
and smulation where integrated within the same package. While the system architecture was
developed by OAB, the implementation of the software was done at Cranfield University. One
of the mgjor problems it that it is difficult to include new software tools or to change the existing
implementation. These changes could only be done a the university where the complete source
code was located. The time for bug fixes and new features therefore was sometimes more than
a month, which is not acceptable when rapid planning is required. To address this problem the

6



software architecture developed in this thes's has a very loose structure of independent, small
components. Each of these is capable of running independently from the other components and
can produce results on its own. A movement smulation, which just produces as output a long
lig of locations of convoys, cannot be cdled a user-friendly and hdpful tool. Without a
visudization of the locations of the individud convoys involved in the smulaion the results
cannot easly be verified or used. If this list of locations is digplayed on a geographica map
display, then the results of this smulation can be easly seen and andyzed by planners and
andyds. A loose coupling of components dlows the movement smulation to be written totaly
independent from the map display. Also the user has the benefits of a wider range of display

options.

The software modd and architecture for thisthessis therefore organized in the following
way:

1. pure movement Smulation which uses SmKit,

2. geographica map display tool, which will be capable of showing geographica reated

data on amap display.

To demondrate the systlem, a Smulation is used to evauate a movement plan of one
divison in ascenario Smilar to that used in the HQ ARRC exercise for a possible withdrawa of

UN forces under NATO protection.



E. RELATED RESEARCH

1 Cranfidd Universty

From 1992 to 1995 the Micro Processor Application Group of Cranfield University
developed in conjunction with the HQ ARRC, Operational Anadysis Branch a set of software
tools for command and control purposes in preparation for the IFOR operation in
Bosnia/lHerzegovina. The project was caled THISTLE and its purpose was to serve as a
technical demongration of a future command and control (C2) system in a modern HQ. The
system was used successfully in 1995/96 during the NATO operation in Bosnia-Herzegovina
and the prototype software was adopted as the C2 software until the future introduction of a

‘officia’ C2 software package.

The bascideaof THISTLE isto group a set of independent software modules and tools
around a map display tool cdled FLORA. The system is cgpable of showing geographica
related data from various sources on one common map display. One am was that dl the
involved software models had the capabiility to run in a and-alone mode. They aso have the
cgpahility to exchange information among the modds and to display tacticad information on a
common map display tool. The sysem was rgpidly developed within sx months by using
exising software tools. Due to the shortage of time not al systems could be integrated and so
the engineering software which was manipulating the route network was totaly independent
from the rest of the THISTLE environment. However, most of the other tools were capable

showing geographica referenced data on FLORA. Another mgor problem was that the



software was developed for the SUN/Solaris operation system and each development step had
to be converted to a Windows 3.11 version; this proved to be very time and manpower
consuming. A maor problem was that the two systems were not 100% compatible after the
converson. For example, the map database was different in each system and so two different
databases had to be prepared, ingtaled, and maintained. Maintainance of the entire software

package was not an easy task.

One of the models developed for the Operational Andysis Branch was the movement
modd VY, which smulates the movement of convoys on a predefined route network. With
IVY it was possible to develop a complete movement plan in advance and then run the Situation
and watch the results on a map background. However, the model was time step driven and did
not focus on events as they occur. This meant that some of the results were crude and different
length of the time steps could produce different results for the same smulated scenario. One of
the mgor problems was the update rate. For each convoy the current position had to be
caculated a every time sep. Even if no convoy was moving, nearly the same caculation time
was needed to update the display. For scenarios over a long time period this implied a long
caculdion time, because the length of the time intervas were given a the beginning of the
amulation. Therefore, there was a tradeoff between the run-time of the modd and accuracy of

the actua convoy positions, which represent the Stuation on the ground.



The author of this thess was the project officer for the development of project
THISTLE in OAB and Cranfidd University. Because the IVY movement modd was never

finished, there were aso no reports produced on the actual project development.

2. Optimization Approach

The article “Optimizing Disaster Relief: Redl-Time Operational and Tactical Decison
Support® (Brown, Vassliou, 1993), introduced a red-time decison support system using
optimization methods, named ARES (for the Greek god of war). The idea of ARES is that after
some kind of disaster there are a number of tasks which have to be done. The decision maker
controls some units and resources which can be assigned to fulfill these tasks. ARES supports
the decision about which unit to assgn to which task and which resources should be alocated to
individud units. The system isimplemented in such away that it dlows the user to quickly build
a scenario for which some decisions have to be made. ARES optimizes the available resources
and presents the results so the decison maker can understand and accept dl or any part of it.
While ARES is only a decison support system, the user is required to apply her/his own

judgment to the results before making the find decison.

ARES is based on three linear programs. Two of these linear programs deal with the
operational assgnment of units to tasks. The idea is to assgn only one unit to each task and to
minimize the travel digtance for each unit. The third linear program optimizes the efficiency of

resources alocated to each task.

10



The drength of ARES is its capability to optimize resources to complete a number of
tasks. However, it is only using a very crude mode of representing the available road network
on which units can travel. Further it is assuming that there is no problem with severd units trying
to travel dong the same road and there is no blocking between units at road sections. This
seems reasonable for this kind of system; the time frame it is dedling with is severd weeks to
complete a task and therefore some delay of moving units will not have a mgor impact on the
overal result. However, in a scenario such as that described in chapter |.B where the speed of
movement is critical for the success of the overdl operation and where the road conditions and
movement conflicts of units are important, ARES cannot inform the decison maker on how to
move the available unitsinto place. The logicd extenson of ARES therefore isto feed its results
in a movement smulation such as developed in this thess. The movement of the ground forces
can be visudized and the decison maker can see a picture of the impact on unit movements by

alocating tasks to units.
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. FOUNDATIONS

A. MOVEMENT OF GROUND FORCES

Movement of forces is one of the military tasks common to most scenarios involving
ground forces. In any operation a commander will dways try to concentrate his forces to
maximize their effectiveness. Also the commander will dways try to prevent its opponent from
moving forces into a superior postion. During the Gulf War in operation Dessart Storm the
dlied commander, Generd Schwarzkopf, moved mogt of his forces to the left flank of his
attacking forces and gained superiority there. This movement was done in a very short time

frame hidden from the reconnai ssance of the enemy.

In operations other than war (OOTW) the movement of ground forces is till one of the
magor concerns of any ground commander. At the beginning of an operdtion it is essentid to
reach dl the key pogtion within the area of interest as fast as possble. However, this movement
is normaly vigble to al the warring factions. It aso might conflict with civilian traffic and the
movement of other forces located in the area of operation. Because of the nature of the mission,
the peacekeeping forces do not have tota control over the route network in general. Quite often
there are many redrictions such as civilian traffic regulations. This was a mgor problem in BH
before the IFOR operation, since UN forces had to use a route network, which was controlled
by the warring factions. Some routes could only be used during a certain time of the day. On

other routes only a certain number of vehicles were alowed to use a given road. Depending on
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the intendity of fighting between the warring factions there might dso be a consderable number
of refugees trying to escape from the combat areas and therefore moving dong the avallable
routes. Refugees quite often use various kind of vehicles which cannot be ignored as a
movement obstacle for one's own forces. These refugee convoys typicaly move much more
dowly than the desred speed of military forces, causing traffic jams and, in the worst case

scenario, a objective might not be reached in time and awhole plan might fail.

B. ROADS

Ground forces use the exigting roads within the area of operation for movement between
two points. Although off-road movement is possible for a large variety of military vehidles, it is
only done if absolutely necessary, due to the extra cost in terms of time, speed and fue
consumption. Military trucks which have off-road capabilities typicaly useit to bypass obstacles
on a road. Even combat vehicles like tanks and infantry fighting vehicles (IFV) drive cross-

country only when it is more important to use cover rather than good movement conditions.

Because this thesis addresses the movement of ground forces in OOTW, off-road
movements are ignored, with the only exception being bypassng of obstacles. This stuation is
modeled by limiting the maximum travel speed on aroad for the distance of the obstacle, with

the effect that a convoy will be dowed down.
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C. ROUTE NETWORK

For planning purpose military HQs organize the movement of ground forces in the area
of operation on a route network. An individua route consists of a series of connected roads.
Quite often individua routes are assigned names for convenient reference. The collection of al
pre-sdlected routes form the available route network. For the UN operation in BH there was a
observed route network which was used by convoys of UN forces. Although this route network
was partidly maintained by UN troops, parts of it were under control of the warring factions,
which only maintained the road sections essentia for their own movement operations. Road
sections crossing the line of confrontation were in especidly bad condition and sometimes could
not be used a dl. The sdlection of routes however changed only very rardly over the time of the
IFOR operation. Figure 1 shows a smdl area of this route network which is taken from the BH

Command Route Information map, dated December 5", 1994.
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Figure 1: Example of the BH Route Network.

Because of the very mountainous terrain in BH, most of the route network was not
everywhere as dense as in the area around Sargjevo. Off-road movement was nearly impossible
in most parts of BH, and some areas could only be reached on one route. This was especidly
true in the Serb controlled areas of BH. If a route was interrupted by any circumstances it was
quite often necessary to ddiver supplies by airlift. Checkpoints of the warring factions dong the
roads aso influenced the movement of ground forces quite a lot. However, the Dayton Peace
agreement forced the freedom of movement in the whole of BH and therefore these checkpoints

disappeared with the beginning of the IFOR operation.
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D. CONVOYS

For sdf-protection and organizationd reasons military vehicles normaly trave in
convoys that contain from three up to one hundred and possibly even more vehicles. The
operation of military convoysis very smilar in dl armies around the world. At the beginning the
vehicles are lined up in an assembly area from where they enter the road at the sart of the
travel. The convoy leeder is normdly driving inside the firgt vehicle from which he tries to control
the movement of the whole convoy. The average length of a vehicle within a convoy is
gpproximately 10 meters. The leader determines the distances between vehicles and orders the
norma and maximum speed for the travel. These parameters depend very much on the road
condition and on the exigting thregt to the convoy by air and ground forces. While in OOTW the
ar threat is certainly close to zero, there is a congtant threat from snipers and nuisance fire by
mortars and guided missiles. Some redigtic parameters for a convoy traveling on country roads
and tracks are:

distance between vehicles: 50 to 100 meters,
normal convoy speed: 15 to 40 km / hour,

max. speed for closing up 25 to 50 km / hour.

The German Army uses a distance of 100 meters between vehicles for its convoy
moment in training and exercise outside built-up areas and 50 meter ingde towns and villages.

Because of the permanent threat of sniper and mortar attacks, however, it makes sense not to
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reduce the distance between vehicles in built-up areas. This reduces the risk that one sngle

mortar shell can damage more than one vehicle.

Figure 2 shows the theoreticd structure of a convoy and indicates parameters that

determine the convoy’s length.

1sl vehicl 2nd veahicle it vih <l
&9
> | € >
Ieng't.h of disslance bolween
veh dle vehiclea
« >
convay legln

Figure2: Theoretical convoy structure.

While the length of a convoy congsting of only afew vehidesis not criticd for planning
reasons, a convoy of 50 vehicles occupies gpproximately 5500 meters on a road. The time it
takes a convoy to bypass a given point on a road can easly cdculated with the formula in
equation (1).

number of vehiclesin a convoy,

distance between vehicles

average length of avehicle,

convoy speed,

time to bypass a certain point on aroad.

_ nXd+l)
= @
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Assuming a convoy speed of 25 km/hr under the previous conditions, a given road point
(e.g. crossing) would be blocked for more than 13 minutes. However, the equation (1) is only
vaid if the convoy is not changing speed during the time it is passing the observed point on the
road. If the convoy changes its speed during the passing event, this time becomes either longer

or shorter depending whether the convoy increases or reduces its speed.

It is dso important to redize that the first vehicle does not normally have contact with the
vehicles behind other than through the rear view mirror. While every vehicle will try to follow the
vehicle ahead of it a the ordered distance, this might not always be possble, especidly if road
conditions redtrict the speed which a vehicle is alowed to drive. Therefore sometimes a vehicle
isdriving & the ordered norma convoy speed while the following vehicle is il driving through a
‘dow-go’ areq, in which the maximum driving speed is lower due to road conditions. This
results in a greater distance between the vehicles impacting the total length of the convoy.
Cdculations about the length of a red convoy are especidly complicated because they dso
depend heavily on the reaction and behavior of the human drivers. The distance between
vehicles will dways be very flexible and only roughly gpproximate the ordered disgtance. This
distance dso should include a buffer so that small speed changes of preceding vehicles do not

have amgor effect on the following vehicles.

For counteracting length changes a sensble leader will dso order the speed of the
convoy head to be a certain percentage below the maximum possible speed on that road. The

vehicles insgde the convoy body can keep the ordered distance using a follow-up speed that is
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higher than the speed of the firs vehicle of the convoy. This way the change in length for a
convoy can be kept to a minimum. The better the drivers are trained for convoy travel, the less
impact there will be on the length of the convoy due to speed changes of the firgt vehicle.
Because these changes in length now only occur for short periods of time under these conditions

this effect isignored in the smulation and the convoy length is assumed to be congtant.
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[11.  MODEL FEATURES

A. MODELING APPROACH

In the past software models were designed to serve a specific purpose. Most of the
functiondity was build into the sysem and only very little functiondity was imported from
outsde. Quite often these sysems were built by usng one of the common programming
languages such as BASIC, C or FORTRAN together with a database package which are
platform dependent. This gpproach resulted in different implementations of interfaces al of
which had smilar or even identical tasks. Therefore a consderable amount of time must be
gpent each time just to learn how to handle the interface before the tool can be used. While most
smulation models have many thingsin common, such as the geographica display, there has been
only a very limited effort to build systems out of exchangegble components which can be

replaced easily without effecting the functiondity of other modules.

The current way of implementing modes results in long development times. Sometimes
smilar components of a smulation or modd have to be rewritten again and again just to perform
the same task. The best example for this is the geographicd display with its functiondity of
zooming and display of tactical data in form of sandardized tactical symbols. Another mgor
problem area is the duplication of code in order to perform smilar tasks in different tools. It is
very difficult to maintain code which has been duplicated over a variety of software products. If

this code then aso gets modified in some of the tools, it cannot be easily replaced by just
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overwriting the existing code as updates get available. From this point onwards this code section
has to be handled as independent and therefore has to be maintained as such. The maintenance
of this functionality within savera tools now becomes a mgor task which has to be dedt with for

each individud tool.

This modeling approach has resulted in huge, independent software packages for which
the exchange of data with outside models is very difficult task. A common display of the results

of more than one modd at the same time is for most systems nearly impossible.

To overcome the shortfalls of the previous described software architecture, there is the
concept of a modularized set of software components which al work independently, but can
a0 be connected in some way 0 they can perform more complex tasks. This architecture is
described in a paper by Bradley and Buss about an architecture for dynamic planning systems

using loosdaly coupled components (Bradley/Buss 1997 and Arntzen 1998).

The idea is to develop software modules which are only coupled very loosdly, and are
gtill independent enough that they can perform tasks on their own without the need for any other
components. Each component should only concentrate on solving a very specific task. The
benefit of bringing two of more of these components together would be that in conjunction they
can solve more complex problems and benefit from each other’s functiondity. A loosaly
coupled component architecture of software modules would then dlow a software developer or
andyst to concentrate just on the specific task. A user would benefit from more standardized

interfaces which can be gpplied to many tools and modes. In the specific example about
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‘movement of ground forces a user would need a geographica display tool and a movement
amulaion. Both should be individua packages, but dso should be able to communicate with
other software via a standardized interface. Like a set of LEGO blocks the user can assemble a

system “on the fly” which serves her/his specific needs.

A graphicd overview of the implemented software architecture is shown in Figure 3.
The components represent individua software packages which are developed to solve specific
tasks with little or no extra functiondity. Examples for these components include geographical
display tool, movement smulation, tactica overlay drawing component, and an overlay dide
show component. The message center is the heart of the software architecture, providing the
required functionality so that the individual components can communicate with each other. Any
component can send messages to the message center, but if it wants aso to recelve messages it

hasto regigter there fird.
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Figure 3: Software ar chitecture,

The flow of any message follows an easy pattern. A component creates a message and
sends this message to the message center with no specified receiver. The message center takes
the message and multicadts it to al regisered ligeners. It is then the task of the notified
component to process the message any further. The component will determine from the content
of the messageif it isin aform it can process any further and in this case handle it. Otherwise the
message will just be ignored. This way the sending component does not need to have any
knowledge about who is listening to the message center. It is just producing its own results and

offers them in a message to other components for further handling. This concept offers maximum
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flexibility for developing new software components independently from the existing sysem. The
only connection between these components are message objects, which are handed over by the
message center. Thisway components do not need any knowledge about each other and can be

developed and compiled totally independent.

Under some circumstances a component might want to send a message direct to a
gpecific component. This could be the case if it gets a message for which it needs more
information or if it wants to send a processed message back to the originating component. This
can be done by specifying the receiving component, in which case the message center will not
broadcast the message but instead just deliver it to the specified component. Even in this case
the component does not have the need for specific knowledge about the component which was
originating the message. All it needs to know is thet it received a message and it wants to send
another message back to the sending component. The message center will take care about

routing the messages.

This concept is very powerful and alows the development of new components and the
replacement of existing components a any time without affecting the rest of the sysem. A user

can now just pick her/his favorite tools and operate them together to perform a specific task.

For the smulation of the movement of ground forces in OOTW two mgor components
have been developed. A pure non-visuad movement smulaion cdled IVY smulaes the
movement of convoys in an event modd. The tacticd data which represents the symbols and

locations of the convoys is transferred via the message center. The Common Data Transfer
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Format (CDTF) as used in HQ ARRC and NATO C3 Agency, The Hague, NL isused as a
means to represent and transfer this data (Schrepf, 1996). This dlows a flexible transfer of
tactical information in the NATO standardized form of APP-6 (SHAPE 1984). After fixed time
intervals the locations of al smulated convoys are send by 1VY in the CDTF format to a map
disolay tool called FLORA. FLORA then represents this information on a geographical
background. This way smulation and graphical user interface (GUI) are separated from each

other.

B. ROUTE NETWORK

The badis for the movement smulation is the available route network. This determines
the available movement paths for convoys participating in the smulation. The route network

consgts of roads and junctions. The following section explains how thisismodded in IVY.

1. Roads

Roads are modeled as the connection between two junctions. This restricts aroad to be
draight between these two points, which is very seldom true in redity. Therefore a road is
broken up into smaler sections. Road sections aong a winding road are connected with two
way junctions under this circumstances. This enables modding the path of a road much more
accurately. If aroad is divided into sufficiently smal sections a very detalled model of the road
can be achieved. Figure 4 shows a example road with three road sections connected by

junctions.
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Figure 4: Road modd.

The length of a road is given by the sum of the lengths of the individua road sections.
For cdculating the length of a road section the distance between the two endpoints in a two
dimensona space is cdculated. Note that this ignores the fact that there might be a height
difference between the two endpoints as well as the curvature of the surface of the earth. For
the convoy planning problem dedt with, this is an acceptable smplification and does not
introduce consderable error. Furthermore, adding devation to the road segments is a straight

forward metter.

The combination of roads and junctions forms the available road network. For modeling
reasons it is assumed that a convoy can only enter a road a a junction. This is not redly a
restriction, because any road section can be split up into two sections connected with atwo way

junction and so dlow a convoy to start a any point of the road network.

2. Convoy start and end location
A convoy occupies a certain pat of the road network. The determining points of a
convoy are the location of the first vehicle and the location of the last vehicle, as shown in Figure

5. The vehides in between do not have to be modded in dl detail under the assumption that a
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convoy will not be split up while it is traveling and other convoys are not alowed to infiltrate a
moving convoy. These are redigtic assumptions and do not redrict the way the military is
operating the movement of convoys. From the location of the first and last vehicle of a convoy
the exact part of the occupied road section can be determined. In order to describe the state of
a convoy completely the speed of the first and last vehicle have to be noted. For smplification
the velocity of the last vehicleis set equa to the velocity of the firgt vehicle. This assumption was
dready judtified in chepter 11.B. where it was explained that in generd the length of a convoy
should not change too much during the travel and therefore the speed of dl vehicles within the
convoy can be assumed to be identical.

Vv
e, >

P postion OF “irs” vehicle
O raosilion of losl vehicle
V  canvoy spaece (fisl viticks)

Figure5: Convoy Modd.

An important factor for the occupation of the route network is the length of each
traveling convoy. This length for each convoy can be caculated easily by equation (2).

n number of vehiclesin a convoy,
d distance between vehicles,
I

average length of avehicle,
L tota convoy length

L=nxd +1) )

Redlidtic vaues for these parameters were given in Chapter 11.D.
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3. Event Points

An event model was used to smulate the movement of the ground forces. The location
of the entities only have to be caculated when an event occurs and only those entities which are
involved in the event enter the caculation. It is therefore important to predefine al events which
can occur during such a smulation. Events happen a certain points dong a route on which a
convoy is traveling and influence the speed of the convoy in certain ways. They dlow the
convoy to travel faster, dower or sop. This means that it is important to caculate the time at

which the leading vehicle of a convoy (convoy head) reaches one of these event points.

There are two different type of events points which interact with the convoy heed.

A) STATIC EVENT POINT
A junction of aroad indicates a new road section which might restrict the speed of the

convoy.

O > &

< junction

V  speed of convoy

d distance between convoy and event point

Figure 6: convoy moving towards ajunction.

Figure 6 shows the determining parameters for such a Stuation. The time t until such a

speed change is reached is easy to caculate using equation (3).
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t=— (3)

B) DYNAMIC EVENT POINT
The second type of event point is a convoy traveling ahead of the observed convoy.
Thisgtudion isshownin Figure 7.
Vi Va2

O >
O >

\/-  speed of convoy

\/s  speed of convoy ahead

d distance between convoy and event point

Figure 7: Convoy following ancther convoy.

This time the point for a possible speed change is moving a the same time as the convoy
moves. It is important to note that the preceding convoy does not necessarily inflict a speed
change on the following one. Thisis only the case if the gpeed \ is smdler than the speed » of
the following convoy. In this case the time t until the convoy reaches the speed change can be

caculated with equation (4).

t= (4)
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It is dso important to note that the time until a convoy reaches the end of a preceding
convoy has to be compared to the time until the convoy reaches the next junction on the road.

Only the event with occurs earlier has to be handled by the smulation.

4. Blocking of road crossings

Road junctions where more than two roads are connected represent road junctions and
crossings. Convoys can occupy a crossing in such away o that other convoys cannot use the
crossing to carry on their movement. An example of this Stuation is shown in figure 8. However,
thisis not aways the case. Under certain circumstances a crossing can be used by two and even
more convoys as shown in Figure 9. For modeling purpose it is assumed that convoys dways
drive on the right side of the road and the road is wide enough so opposing convoys can bypass

each other.

Figure 8: Convoy A blocking a inter section against convoy B.
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Figure 9: Convoy A and B operating through the sameinter section without blocking.

In generd, a nontrivia road junction might consst of three or more road sections which

are connected to it as shown in Figure 10.

a:

& v

Figure 10: N road sections connecting to the same inter section.
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In Figure 10 the intersection nodeis called Z and there are n road sections connecting to
it. Here, a convoy is moving from node 1 to node 3. This movement through the intersection is
not blocking it off completely for any other movements, the following movement of convoys
would till be possible without any conflict:

convoy from node 2 to node 1,
convoy from node 3 to node 1 and

convoy from node 3 to node 2.

All other movement possihilities are blocked by the convoy currently occupying the

intersection.

This ample example visudizes the principles of movement of two convoys through the
same intersection. In order to determine if an additiona convoy can move into a intersection we

have to compute the following:

Number the connected nodes to a intersection in clockwise order &, &, .. a. Without
lossin generdlity let & be the originating node from where a convoy is traveling and a the target
node of the convoy. Therefore the movement from &, to g is till possible, under the conditions:

k>j, kEiandj? 1.

These conditions enforce the normd traffic law on a road junction which can be

assumed to be also valid under operationa conditions.
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5. Event model

In IVY each convoy is represented by the location of the convoy head and the location
of the convoy tal. The smulation keeps track of the actud postion of these two points and
schedules events for them. The convoy head determines the speed of the convoy and the tall is
adjusting dl the time to this speed. Fgure 11 shows the Event Graph (Buss 1995 and Buss

1996) for IVY.
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ea change speed crossing
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to next
speed
change

tail clear
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Figure11: IVY event graph.



The convoy head moves from speed change to speed change on its given route. A
peed change can be ether caused by a junction which is the starting point for a new road
section with its underlying speed redtrictions or by a convoy traveling in front. In this case the
location of the convoy end would be the reason for a speed change. In the event that this speed
changeis caused by ajunction and the junction is free so the convoy can enter it, it automaticaly
sets a block onto this junction. This does not block other convoys completely off from using this
junction, but makes them aware that they have to check if the junction can be used in the
desired movement direction. For blocking of intersections the rules developed in chapter 11.B.4
are gpplied. The convoy head then cdculates the time until it reaches the next speed change
ether ajunction or another convoy tail. When the convoy head changes its speed it dso notifies
its tail about this change. The tall then has to cdculate its new arrival time on the next junction.
Upon arriving a ajunction the convoy tail takes the block off this junction so other convoys can
use it more fredy. With every speed change the convoy tail notifies a possibly following convoy

about this event.

In the event that there are no more junctions on the route of a convoy, the convoy head
just stops & the last junction. The convoy tall in this case will stop at the point of the road where
it got a thistime in the smulation. Because of the fact that a convoy stopping on a road blocks
this road to other convoys, it is a good idea to cregte at the end of a route a deployment area

for the convoy where it can get off the main road.
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This theoreticd modd of the movement smulation is implemented in Java as shown in

Figure 12.

MaovementPlan

Network

Junction Arc

Node

ConvoyMediatar

Convoy

ConvoyHead ConvoyTail —

ConvayManager

Route

Figure 12: Component structureof IVY.

The movement plan holds information about the route network as well as about dl the
participating convoys. The route network exists of a number of Junctions which are connected
with arcs. This forms the available routes for the smulation. Each arc has a variable number of

properties such as gpeed, height, eic. redrictions. In the IVY movement mode only speed
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restrictions are handled. This dlows the calculation of the maximum speed a given convoy can

travel dong aroad section.

All convoys are monitored by the convoy mediator. The mediator schedules events of
one convoy running into another convoy’s tail. On this event the convoy mediator then notifies
the convoy about reaching the tail of another convoy and the following convoy adjusts its speed.
The advantage is that the convoys do not need to have any knowledge about each other within
the smulation. This implementation is very close to redity where a convoy head redlizes another
convoy traveling in front of it only when it actualy reaches this other convoy’stail. Each convoy
is determined by the convoy head and tal location. These two entities are smulated
independently and only get triggered from each other by scheduled events, such as when the
convoy head changes its speed. The "brain“ of a convoy is the convoy manager. It holds the
information about the route on which the convoy is ordered to travel and notifies the convoy

head at each junction which direction to travel next.
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IV. SAMPLE DATA

IVY is a pure movement smulation and has no means of optimizing a given movement
scenario. Therefore al movements have to be determined in detall at the beginning of the

sSmulation.

The available road network is determined by the BH Command Route Information map,
dated December 5", 1994. This map shows the available and observed route network which
was used by UN forces and convoys. The displayed routes were modeled for the IVY
movement smulation as described in chapter 111.B. Speed redtrictions were assgned to the

individua routes; this influences the movement of convoys.

Figure 13 shows the route network which is available for movement of NATO forces.
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Figure 13: Route network modeled in IVY.




For the NATO forces one generic divison is modeled. Figure 14 shows the structure of
this divison. The area of operation for this divison is south-east of Sargjevo and therefore only
the available route network between the Adriatic coast and Sargjevo is modeled.
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Figure 14: Sampledivision.

The mechanized divison congsts of two mechanized brigades and one infantry brigade.
Figure 14 dso shows the number of battaions which each of the brigades has under its

command. Each of these battalions has between four and six companies and each company has
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between 20 and 50 vehicles. During the movement phase combat battalions normaly stay
together. Combat support battalions, however, quite often are split up and attached to combat
battalions. In this case these units move together with the formations they are attached to.
However, this does not have aways to be the case and it depends on the threeat assessment and
future tasks of these units. For this smulation each combat bettalion is moving as a formation
together with some attached combat support troops. The movement objectives of the brigades

are shown in Figure 15.
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Figure 15: Movement abjectives of the brigades.



The only available harbor which is cgpable of unloading a large number of units and

equipment is a Split. Therefore, dl formations have to start their movement from this location.

At the same time as NATO forces are trying to evacuate UN forces from BH it was
expected that the fighting between the warring factions would become even more intensive. This
would then result in large refugee movements wherever one party gains some success in taking
over some territory.  These refugee streams are represented in IVY  as convoys which move
aong roads from insde BH to the Adriatic cost. Like military convoys, these occupy road

sections and crossings and therefore conflict with the movement of NATO forces.



V. ANALYSISOF RESULTS

A. COMPUTATIONAL EXPERIENCE

The development of the scenario data for the IVY momvenent model was done in two
seps. The route network was digitised by using FLORA and a route builder component, which
alowed digitise the routes seen on the map digplay. In a second step the movement plan for the
convoys was produced in a amilar maner. The complete setup process of the exercised

scenario took |ess than two hours.

The software dructure of the loosaly coupled components proved to be a great
advantage during the development and programming phase of the smulation. The development
of a complex smulaion which includes the movement of forcesis not atrivia task. A pure text
based output with hundreds of grid locations for moving units can only be debugged to a certain
extend. One of the mgjor problems during the development of the movement smulations was to
synchronize the movement of the convoy head and tail of a convoy. The cgpability of visuaizing
the convoy location on a graphica display made it possible to discover errors in the smulation
rapidly. The various zoom options of FLORA dlowed the andyst to examine certain aspects of
the displayed postions of the convoys in great detail. The movement smulation could not have
been developed easily or debugged effectively without such a display tool. Due to the loosely

coupling of software components it was possible to develop IVY as a pure smulation. 1IVY

45



used the given software architecture to send the smulated convoy locations to FLORA for

diglay.
B. SIMULATION OUTPUT

The start postions of dl the entities in the movement smulation are shown in figure 16.
All formations of the smulated division are starting from the areaaround Split.
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Figure 16: Start positionsfor smulation run.
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The combination of smulaion and grgphica display made problem aess in the
movement plan immediatdy visble. Figure 17 shows a movement conflict between two units
trying to access the same intersection. While the 33 Infantry Baitdion is carrying on its

movement, the 31% Infantry Baitaion has to wait until the intersectionsis clear.
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Figure 17: Movement conflict between two convoys.

Figure 18 shows a dtuation where military convoys are bypassng opposing refugee
convoys in oppodte directions. The movement model 1VY dlows bypassing opposing convoys,
but convoys traveling in the same direction can not do so. Therefore the right refugee convoy is
queuing behind the left one. The 11" Mechanized Infantry Bataion nearly has passed both

refugee convoys and the 12" Mechanized Infantry Battalion is ill in front of them.
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Figure 18: Occupation of roads by military and civilian convoys.

Figure 19 shows the find date of the movement smulation 8.5 hours after the art of
the operation. All NATO forces reached their movement objectives and can now secure these

areas.
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Figure 19: Final graphical output for the exer cised movement plan.

C. COMPARISON WITH THE SITUATION IN 1995

In 1995 the HQ ARRC had only a very limited set of tools available for the planning of

ground movement, such as a spreadsheet and a hard-to-program movement smulation. The
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movement smulation 1VY developed in this thess dlows a flexible evauaion of movement
plans by visudizing them on a geographica display. Movement conflicts like blocking of convoy
at road junctions and bottlenecks can easily be spotted. It is then up to the planning staff to

propose a new movement plan which can be evauated in the same way.

Visudizing the results of a movement plan is dso a good way to build up confidence in
the software. IVY is thus a very powerful tool for briefing the decison maker who will be able
to understand the implications of a proposed movement plan much essier on a geographical

display than on atimetable with endless columns of grid coordinates and times.

A further benefit of visudizing the smulated movement is that it is now very easy to spot
possible threats to a plan, which might not be obvious in a pure smulation, because they do not

affect the particular run.
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VI.  CONCLUSIONS

The idea of loosdly coupled software components dlows an andyst to sdect the
modules that are required for a specific task and combine them, so they can interact with each
other. In this way every component can be written to execute only one specific task. The
combination will then take the benefits of dl avalable components and creste a powerful

andydistool.

This thesis develops the software architecture THISTLE for a set of loosdly coupled
components which need a way of interacting with each other but gill have to be capable of
being executed in a dand done mode. Because al communicatiion within the THISTLE
environment is done through the Message Center, the individud components have no
knowledge about the functiondity of other components with which they are communicating. This
dlows the replacement of components as long as the newly introduced one provides a Smilar

functiondlity.

To prove the concept of THISTLE, the map display component FLORA and the
movement smulation 1VY were developed. Both can be executed as stland aone applications.
FLORA is capable of displaying maps and tacticd symbols in a geographica referenced
environment. It aso dlows the user to sdect a set of different zoom levels and to import
background maps from various sources. FLORA aso dlows the user to load and display a

unlimited number of overlays smultaneoudy. For better visudization, the background maps can
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be faded out so the tactical symbols are easier to see. VY, as a movement modd for ground
forces, amulates the movement of convoys aong a given route network. During the smulation
run IVY produces a list of locations which represent the position of each convoy at any given
time. The THISTLE environment alows the interaction of FLORA and VY, s0 that the anayst
can view the result of the movement smulation on a map background and can therefore easly

visudize the shortcomings and thregts to the Smulated movement plan.

The software architecture THISTLE of loosaly coupled components provides a very
powerful programming environment, which dlows the user to easly combine different
components for a specific task. The map display tool is one of the cornerstones of the system,
which can be used for many different geographicd related smulaions and modds IVY
provides a useful smulation for the movement of ground forces in Operations Other Than War,
where the timing and deconfliction of convoys is essentid. The combination of both shows how

two components can benefit of each others capabilities and therefore create a powerful tool for

planning and andys's purposes.
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APPENDIX A: GRAPHICAL USER INTERFACE

The graphicd user interface is built to give the user maximum flexibility for viewing an
ongoing smulation and its results. Whenever sensible, shortcuts have been defined to dlow fast
switching between different graphica views of the disolayed data. To dlow easy customization
of the individud module, initidization files (“ini” files) are associated with each module. The
layout of these “ini” filesfollows the rules of the Microsoft “ini” files

group headers areincluded in brackets (e.g. [DISPLAY]),

variable names are followed by an “=" sign without a space in between,

the vaue of the variables followsimmediately the “=" sign without an space in front,
comment lines start with a“;” asthefirg character. These lines are only useful for the

user, but are ignored by the software.

All “ini” files are ASCII text file which can be edited by any text editor, such as
Microsoft Notepad. Within the THISTLE software package there is a default “ini” file for each
module. The user has the option to provide a customized “ini” file in the Sartup directory, which

will overwrite the default “ini” file

A. THISTLE TOOL BAR

The THISTLE toolbar, as shown in Figure 20, is a convenient way of launching the

individud software tools within the same Java virtud machine.
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Figure 20: THISTLE tool bar.

Running dl software tools within the same virtud machine is necessry for the
exchanging messages between the individua tools and modes. The buttons on the tool bar start

the modules, which are specified in the thistleini file.

New software modules can be registered before starting up the THISTLE toal bar in the

“in” file. An example of athigleini file that illusrates the formet is given in Figure 21.

;THISTLE ini file

[MODULEQ]
NAME=FLORA
CLASS=thistlefloraFloraMain

[MODULE]]
NAME=IVY
CLASS=thistle.ivy.lvyMain

[MODULEZ]
NAME=ENZIAN
CLASS=thistle.enzian.EnzianMain

[MODULEZ]
NAME=Briefing
CLASS=thistle.briefing.BriefMain

[MODULEA4]
NAME=Monitor
CL A SS=thistle.message.Monitor

Figure 21: Example of Thistle.ini file.

In theory there is no limit on the number of modules which can be registered with the

THISTLE tool bar.
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B. MESSAGE CENTER

The heart of the THISTLE system is the message center, which provides the loosdy
coupling of the individua software toodls. It is respongble for broadcasting messages to Al
registered software tools. The message center itsdlf is static and does not have to be explicitly
indantiated. It is automaticdly avallable the fird time it is invoked by any module. There is no
visud representation in the form of a window on the screen for the message center. A more

detailed technica description of the message center can be found in Appendix B.

C. MESSAGE CENTER MONITOR

The message center monitor provides a view on the activities which happen insde the
message center. It isimportant to note that message center monitor is not a part of the message
center. Rather, it is an individua tool which acts as an observer to the message center and
monitors its behavior. This todl is useful for debugging and visudizing the message traffic. The
“Monitor” button on the THISTLE toolbar starts the message center monitor. An example is

shown in Figure 22.

Ega Meszzage Center Monitor [ _ (O] %]

message type: thistle flara.symbol Crerlay
message ariginator: thistle vy hyOverlay. 11 (0.0)

message type: thistle flara.symbaol. Overlay
message ariginator; thistle.enzian.EnzianMainfframea0 540,422 2001 SD,Iayoutz_jeILI
W 4

4] |

Figure 22: M essage Center Monitor window.

Each message is displayed with two lines in the message center monitor. The message

type refers to the class of the message object. Software modules inspect this property and
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decide, based on its vaue, whether this message can be used for further action. FLORA, for
example, only listens to objects of the class “thistleflorasymbol .Overlay”. The reference to the
message originator is useful for identifying from which module a certain message was send. It

contains a reference to originating software module.

D. GEOGRAPHICAL USER INTERFACE - FLORA

One of the most important software modules within Project THISTLE is the map
display tool FLORA. This module shows geographicaly related data on a scalesble map
display. It dso converts the cursor position on the map display into real world coordinates like

Latitude/Longitude or Universa Transverse Mercator (UTM).

On dart-up, FLORA registers automaticaly with the message center. Therefore it will
be notified of al new messages, whereupon it will examine the message for content and, if
possble, it will display it on the current map display. Currently FLORA can only display
messages if they are send in CDTF format and wrapped in the Overlay class (object of type

thistleflorasymbol.Overlay).
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Figure 23: FLORA map display with overlays.

1 USER INTERFACE

The FLORA user interface is split up into a map display area, a menu bar, a pop-up

menu, atool bar and a foot bar. The map display area and the foot bar display information to

the user about the current map and scenario. The menu bar and the tool bar provide the

functiondly for manipulating the map display.
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In generd the menu bar provides access to dl functions which are implemented in
FLORA. For faster user interaction it is convenient for the skilled user to use the defined speed

buttons and hot keys on the tool bar.

The menu item *Exit’” within the menu group ‘Project’ will close the FLORA screen and
exit the module. When sdlected it will give the user the option to close down the Java virtud
machine together with the FLORA module. To prevent an unintentiona shut down of FLORA
and a resulting loss of data, the user has to confirm this action on a pop-up window (see
Figure 24).

[=4 Select an Option
(@Y Youare aboutto close this module.

Do wou weant to shut down the Jawva
vitual machine as well?

Mo l Cancell

Figure 24: Popup window for closing the Java virtual machinetogether with the FLORA.

It is important to redize that by shutting down the virtua machine al currently executing
THISTLE tools will be terminated. This might not be aways the intention of the user. Therefore
by sdecting the ‘No’ option only the FLORA module will be exited. The hot key for closing

FLORA isSALT+F4.

The menu group ‘Mgp’ offers options for manipulating the map display. The ‘zoom’
item alows the user to ‘zoom in" and ‘zoom out’ relative to the current map display. For these
zooming operations FLORA will try to make the center of the current display the center of the
new display. This is especidly important for zooming in operations, because otherwise the new
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display might not be as intended by the user. There are two hotkeys assigned to this operation.
[CTRL+PAGE_DOWN] is the short cut to zooming in and [CTRL+PAGE_UP] implements
zooming out. To specify a certain zoom in center on a map the user can right click on the map
display and bring up a pop up menu from where the zooming operation can be selected. In this
case FLORA will use the sdected point on the map as the zoom center. During some
gmulations or briefings it might be desired to zoom in and out a certain map points just with a
mouse click on the map. To accomplish this FLORA mode has to be changed into ‘Zoom
Mode by pressng the zoom in/out button on the tool bar. In this mode every mouse click on

the map will result in azooming operation.

—_—

Figure 25: Theinterrogate, edit and zoom in/out button on thetool bar .

A left mouse click will now correspond to a‘zoom in' operation at with the center point
at the sdlected point on the map, while a right mouse click will result in a‘zoom out’ operation.
Thisis avery powerful way for changing the view on the current map display and for looking at

acongantly changing operation.

Scralling the map display can be done in a variety of ways. The menu group ‘Map’
offers a sub menu scroll from where the map can be scrolled up, down, left and right. Using
these options will be probably too dow and it is not recommended in generd. However, it might
be useful for fine-tuning of the map display and to get FLORA to display a certain area of the

map. This operation can dso be accomplished by holding the CTRL key down and using the

59



arrow keys for scrolling the map in the desired direction. The most powerful option is to select
the interrogate mode on the tool bar and to grab (click and hold down the mouse key) the map

and drag it to the desired position.

Sometimes the colors of the magp might be too bright and thus prevent the user from
seeing the currently displayed tactical Stuation. FLORA provides an option to either darken or
lighten the background map and therefore to make the tacticad symbols stand out. The menu
item for this operdtion is aso in the menu group ‘Magp’ under the sub-menu ‘Brightness. The
hot key for darkening the map is CTRL+NumPad MINUS and for lightening CTRL+NumPad

PLUS.
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Figure 26: Darkend map display of FLORA.

For easy referencing the FLORA display has the option to display the scale bar in the

lower right corner of the display. This alows the user to better visudize distances on the map. It



might be desrable to turn this scae bar off in certain Stuaions. Sdecting ‘Scale Bar' in the

‘Map’ group of the menu bar alows the user to do so.

A powerful feature of FLORA is its capability to display tactical symbols on top of a
map display. Asin the red world, this is done by putting overlays onto the map. Overlays can
be loaded manually into the FLORA display. The menu group ‘Overlay’ offers the menu item
‘Add overlay’ for sdecting an overlay. This overlay will then be loaded into FLORA and
displayed together with al the previoudy loaded overlays. The name of the last loaded Overlay
will be displayed in the left top corner of the map display. The option ‘Remove dl Overlays will
remove dl overlays from the map display. Note tha FLORA will dso automaticaly load
overlays if it receives them from other software modules via the message center. A more

detailed technica description of this feature can be found in Appendix B.

FLORA dso dlows the user to select a location on the map display and to broadcast
the grid location via the message center. To enable this feature, FLORA needs to be in the edit
mode. This can be achieved by pressing the edit button on the tool bar. In this mode every
mouse click on the map is converted into a coordinate and send to the message center for
further digtribution. This is a very powerful fegture, which provides a mean of communication

between FLORA and other software tools without direct interaction.

2. OVERLAYS
Overlays are used in red life to digplay information on a map without actudly drawing

on the map. The same idea is used with the FLORA module. The tactica information can be
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summarized on an overlay and then can be loaded by FHora and displayed on a map
background. One of the advantages of FLORA overlays is that they re-scade with the map
scale. There are two ways to load overlays into FLORA. As shown in the previous section, they
can ether be loaded manualy by using the options from the menu bar, or they can be loaded

automaticaly from other software modules by sending them via the message center.

3. FLORA.INI FILE

The“ini” filefor FLORA (Horaini) dlows the user to define the sart parametersfor this
software module. This is useful when a certain map display and focus is desired on each dart
up. It alows the user to have the same view of the map after each start of FLORA and the user
saves the time of adjusting the map display to hisher own needs each time. It is aso important
to note that not al of the vaues specified in the “ini” file can be changed during runtime. The

following section explains the variables which can be adjusted.

[ DI SPLAY]

In this section the FLORA window is defined.

NOTI LES=5

This is the number of map tiles in the x and y direction which are loaded for displaying
the map. Any number from 2 to Integer.POSITIVE _INFINITY is possible. However, choosng
this number too high will result in a loss of performance for updating the screen display. A
number too low will actudly result in a smdler digplayed map with agray border around it. The

default vdue is 4.
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RULER=vi si bl e
This specifies whether the scale bar for the map scae is visble at gart time. The user

can change this parameter during run time.

SCALE=100000
MAPTYPE=PAPER
CENTER_UTM=33t YJ 07000 70000

These vaues define the initid map scale and type to be loaded as well as the initid

viewpoint. The viewpoint is defined with the bottom left corner map tile.

[ MAPS]

Under this header the metainformation for the available mapsis stored.

PROJECT_HEADER=map/ | FOR. hdr

This defines the path to the header file of the map area. This header file does not have to
be kept together with the map data. The format of the header file is explained in the section

about the map database

[ OVERLAY]

This section specifiesthe initid values for digplaying overlays on top of the map display.

BASE=over | ay/

The default directory for overlay files. Note that there seems to be a bug in the current

implementation of the Java virtud machine for Windows 95: it is not possble to specify the
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default directory in the file loader window. This fegture is functiond on a Windows NT platform

(CharvLee 1997).

MAXSYMBOLSI ZE=2
M NSYMBOLSI ZE=. 5

The maximd and minimd dlowed symbol sze scaling for tactical symbols on the screen.

DEFAULTSYMBOLSI ZE=1

This varigble defines the default symbol sze scade for map symbols, which are not
gpecified in Sze on the overlay. A symbol for which a scde factor of 1 is given will have the

default Sze of 50 pixels wide and 34 pixes high.

DEFAULTO=over | ay/ Bosni aBor der. cdt f

This varidble defines the overlay which will be loaded and displayed at dart time. By
using the DEFAULTO, DEFAULT], etc. variables an infinite number of additiona overlays can
be specified. Note that these variables have to exist without numbering gaps in order for the

oftware to load them dl.

4, MAPS

FLORA uses pre-caculated maps in order to shorten the loading times of maps.
Because FLORA displays the maps in two dimensions, while the earth is a three dimensiona
sphere, the sze of the map area is redtricted to 1000 by 1000 km. This assures that the

accuracy of the grid converson is sill below an error of 10 meter on a 1:100,000 map scale.
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For every zoom leve a set of maps has to be prepared. The locations of al pre-caculated maps
have to be defined in a project header file. The format of thisfileis discussed at the end of this

section.

The maps are stored in GIF format which is a compressed picture format which can to
dore pictures with 256 colors without |oss of information due to the compresson agorithm. This
file format was developed for viewing of images on web pages on the Internet. Compressing the
maps into GIF format has the advantage of reducing the sze of the origind BMP files by a
factor of three to four. GIF is a proprietary format, with the copyright held by CompuServe.
Future developments of FLORA will add additiona formats, such as JPG or PNG. PNG is an
open source picture format with no copyright limitations. Currently there is no support for PNG

imagesin JDK 1.2 (Weber 1998).

For fast access and easy referencing the map datais divided into a number of smal map
tiles. All map tiles of one type and scale (e.g. Scale 1:100,000, scanned paper maps) have to be
kept in the same directory (location). Each map tile must be 100 by 100 pixel resolution. The
file names for the map tiles congst of aeight digit number where the firgt four digits represent its
location on a grid in horizontd direction and the last four digits the location in the vertica

direction. The numbering schemafor the map filesis easly seen in Figure 27.
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Figure 27: Organizational structure of map database

The map project header file provides geographic information about the pre-calculated
maps tiles. It also specifies where the available maps are located within the system. The center

of the map areais given by the variables:

CENTER_LONG TUDE=17. 971429
CENTER_LATI TUDE=44. 200000

Note that the project center can only be specified in longitude and latitude with decimal
numbers. It is aso required to specify the totd map area in km. In generd the project area

should be square.

X_SI ZE=1000
Y_SI ZE=1000
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The locations of different pre-caculated maps have to be specified under acending
group names [MAPQ], [MAPL], etc.. For each map the name, the type of the map source, the

scale, the location, and the tile Size have to be specified. Note that these entries are not optional.

NAME=ADRG

TYPE=PAPER

SCALE=500000

LOCATI ON=map/ 500000/ paper/
TI LESI ZE=100

[GENERAL]
PROJECTNAME=IFOR 1995/1996
CENTER_LONGITUDE=17.971429
CENTER_LATITUDE=44.200000
X_SIZE=1000

Y_SIZE=1000

[MAPQ]

NAME=ADRG

TYPE=PAPER

SCALE=50000

L OCATION=map/50000/paper/
TILESIZE=100

[MAP]]

NAME=ASRG

TYPE=PAPER

SCALE=100000
LOCATION=map/100000/paper/
TILESIZE=100

Figure 28: Example of the map project header file.
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E. MOVEMENT SIMULATION —-1VY

IVY smulaes the movement of ground forces in an event step smulation. The control

buttons for running the smulation are shown in Figure 29.

JZ2IVY 1.0 Beta

|;i..”|l ||| H| »

!

Figure 29: IVY module button bar.

3‘ This button alows the user to load a new movement plan into the movement smulation
module 1VY. IVY will automaticdly renitidize dl entries and be ready for running the

sSmulation.

There are two modes in which the smulation can be executed: the normd event step
mode or a pseudo time-step mode. The event step mode will run the smulation until al events
are handled and the event ligt is empty. In contrast to this the pseudo time step mode will force
the smulation to update the locations of al entities after certain time intervas and to display the
current Stuation. This is done by sending an overlay with the route network and al convoy
locations to the message center. From there it can be picked up by a geographica display tool

such a FLORA and displayed on a map background.

_H| The “gart time step” button sarts the smulation in time-step mode. The smulation can
be pause a any point in time and after examining the digplay the smulation can be restarted by

pressing this button again.

68



l‘ The “pauss’ button temporarily stops (pauses) a running smulation. It will sop the
amulaion, but not reinitidize the entities. This might be useful for examining certain agpects of an

on-going Smulation.

i‘ After the firg run of asmulation it might be desired to run the rest of the smulation in the
background without updating the screen display every time intervd. This button will remove the
location updating option from the smulation and run the smulation until al scheduled events are

handled and the event list is empty.

L‘ The “stop” button is 2 convenient way of reinitializing the smulation a any given point in

time. Note that al previoudy achieved smulation results will be reset and therefore logt.
= Pressing this button will force IVY to disolay some information about the author and a
point of contact.

F. BRIEFING TOOL

The briefing module dlows the user to load a number of overlay filesin CDTF format
and to digplay them in sequentid order. The following figure shows the control window of the

briefing module,
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Figure 30: Briefing module button bar .

The briefing tool window shows a button bar which alows the user to load and display a
st of overlays on amap digplay module and displays a satus field which shows the name of the

currently loaded overlay.

E‘ The “load dide show” button brings up afile input diaog window, which alows the user
to specify the overlay summary file. This file specifies which overlays are to be loaded in the
dide show and in which order they are dislayed. The format of the overlay summary file is
described at the end of this section. After successfully loading a set of overlays the title of the

first overlay is displayed in the gatus field for the dide show.

l‘ _H| The“dngle sep” buttons dlow the user to step through the dide show manudly
by displaying the next dide. The dides are kept within the briefing tool in afixed order and it is

possible a any point in the dide show to step forward and backward in this order.

ﬂ'ﬂ' The ‘display first overlay’ and ‘display last overlay’ buttons are convenient

shortcuts for moving to the beginning and end of a briefing show.
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L‘ The “auto-run” button steps through a dide show automaticaly by updating the
displayed overlay every 2 seconds. This is a ussful way of replaying a smulation for which a
series of overlays are stored in CDTF format. The automatic display of overlays can be halted

at any point by pressing the “stop” button.

L‘ The “gop” button stops an autometic running dide show at any point. The current dide
is then shown on the FLORA display. This alows the user to examine the displayed tactical
dtuation on the FLORA display. It is possble at this point to move manudly forward and

backward in the dide show.

The summary of the briefing overlays has to be stored in a*.show file. Thisfile contains
a lig of the overlays which are to be displayed and in which order. In theory there is no

limitation on how many overlays can be included in one briefing.

[OVERLAYO]
FILENAME=Slide0.cdtf

[OVERLAY1]
FILENAME=SlideL.cdtf

[OVERLAY?2]
FILENAME=Slide2.cdtf

[OVERLAY3]
FILENAME=Slide3.cdtf

Figure 31: Example briefing summary file *.show.
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Note that it isimportant that overlay headers are numbered beginning from zero and that
there are no gaps between the overlay numbers. The briefing module will stop loading overlays if

the next overlay number ismissng.
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APPENDIX B: THISTLE DEVELOPER GUIDE

A theoreticd layout of the THISTLE software environment is given with the following

graph.

Module Send Message Send Message Madule

register

register

Message
Center

THISTLE
Tool Bar

Figure 32: Theoretical THISTLE softwar e ar chitecture.

A. MESSAGE CENTER

The message center is the heart of the THISTLE software environment. It is
implemented as a gatic class MessageCenter. This provides the advantage that it does not have
to be ingantiated by any of the software tools. The firgt time it is referred to by a THISTLE
module it will exist automaticaly. The function of the THISTLE tool bar is to provide a easy

way to sart the individuad modulesingde the same Java virtud machine. It is absolutely essentiad
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that dl modules are executed within the same virtud machine in order that the message center
can operate correctly. All THISTLE modules can be complete stand-alone software products.
They do not have to implement any particular interface in order to work within the THISTLE
environment. However, they have to follow a certain set of rules so that they can communicate

with the message center.

The THISTLE tool bar can only ingtatiate modules which provide a empty constructor.
This means that the main method for these modules for stand-alone mode should be just an
ingantiation of itsdf. The same method is then used by the THISTLE tool bar to invoke these

modules.

The sending of messages to the message center is handled by the following static method

of the MessageCenter class.

M essageCenter.sendM essage(Object sendingObject, Object message);

Thiswill send a message object to the message center. The sendingObject is a reference
to the originating module of the message, which typicaly will be “this’. Upon receipt of a

message the message center will broadcast it to dl its registered listeners.

A software module can register as a ligener with the message center by calling the

following static method of the MessageCenter class:

M essageCenter.addM essagel_istener (Object listener);
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In generd addM essagel_istener method should be called with “this’™ as the argument.

The message center will notify al registered tools every time it receives a message.
However, it does not broadcast the message. The tools will be notified by cdling the
handleNewM essage(M essageEvent message) method. It is then up to the tool to retrieve the
message and to handle it. Note that it is not required that a tool takes any action at al. If the
handleNewMessage method of a registered listener cannot be invoked by MessageCenter, it

will just be ignored. No warning or error message is thrown up in this case.

A message ligener can remove itsdf from the ligt of listeners in the message center by

cdling the gatic method

MessageCenter.removeM essagel istener (Object listener);

It will then not get notified of future messages.

B. SENDING OF OVERLAYS

For the display of atacticad Stuation on a map, NATO follows the rules given by APP-

6, Military Symbolsfor Land Based Systems (SHAPE, 1986).

For Project THISTLE, the HQ ARRC developed a data transfer format, called CDTF.
CDTF specifies aformat for exchange of tactica information, which then can be displayed on a
map. The format for this is defined in the paper about the Common Data Transfer Format

(Schrepf, 1996).
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There are three mgor classes which are used to implement overlays. The basic symbols
are defined within the CDTFSymbol.class. The CDTF.class wraps the individua symbols up
under one header and holds the additional meta information about an overlay, like originator,

date, write permissions, €tc..

For display purpose the CDTF is then wrapped up in the Overlay.class with dso
provides the method for digplaying an overlay on the map display. The following example shows
how to use these classes for generating an overlay and sending it through the message center to

FLORA.

import thistle message*;
import thistle.flora.coord.*;
import thistleflorasymbol.*;

public OverlayTest {

public OverlayTest () {
/I generate the overlay wrapper.
Overlay overlay = new Overlay();
Il generate the CDTF wrapper.
CDTF cdtf = new CDTH();
cdtf. s(Title("My Overlay™);
Il generate the symbolsin CDTF format.
CDTFSymbol symbol = new CDTFSymbol();
symbol.setSymbolHeader("21rd Mech Inf Bn| | |U|2IN|C[");
/I make mechanized infantry unit.
/I symbol.setFieldA("89 100 90 32 32 32 32");
symbol.setFie dA (UnitSymbol .UNIT, UnitSymbol INFANTRY,
UnitSymbol ARMOURED);
/I make battalion Sze unit.
symbol.setFHeldB("37 32);
symbol.setFHedT(" ");
I give Symbol a actud location on the map.
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symbol.setActual L ocation("FLORA [50000 60000[");
// add the symbol to the CDTF wrapper.
catf.addSymbol (symbol);
/I load the symbal into the Overlay wrapper.
overlay.loadOverlay(cditf);
M essageCenter.sendM essage(this, overlay);
}
public gatic void main (String [] args) {
new thistlefloraFloraMain ();
new OverlayTest();

}
}

Figure 33: Example codefor generating and displaying geographical related data on FLORA.

The symbol codes for defining atecticd symbol are given in the CDTF paper (Schrepf,

1996).

C. RECEIVING GRID LOCATIONSFROM FLORA

By sdecting the edit mode from the tool bar, FLORA can be enabled to convert a
mouse click on the map display into red world grid location. In this mode each mouse click is
transformed in a FloraCoordinate and send to the Message center. From there each registered
tool will be informed about the new message and can pick the grid location up if desired. An

example code for picking up agrid location form FLORA is given below:
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import thistle message*;
import thistle.flora.coord.*;

MessageCenter.addListener(this);

public void handleNewM essage (M essageEvent evt) {
/I check if | am the source of this message.
if (evt.getSource() != (Object) this) {
/I check which kind of messageitis.
if (evt.getM essage().getClass().getName().equal §("'thistle-flora.coord.FloraCoordinate”)) {
HoraCoordinate coord = (FloraCoordinate) evt.getM essage();
System.out.printin ("FLORA : " + coord);
Sysem.out.printin ("UTM : " + coord.getUTM());
System.out.printin ("Latitude/Longitude : " + coord.getGeo());
}

}
}

Figure 34: Example codefor receiving and handling of messages.

It isimportant to note that al coordinatesin FLORA are stored in 10 meter units relative
to the project area. The methods getUTM and getGeo convert these interna coordinates into

real world coordinate systems like UTM or Latitude/Longitude.

79







LIST OF REFERENCES

Ahuja, A., Thomas, L.M., Orlin, JB., Network Fows, Theory, Algorithms, and Applications,

Prentice Hall, Englewood, NJ, USA, 1993.

Amtzen, A., Software Components for Air Defence Planning, Magster Thess, Nava

Postgraduate School Monterey, CA, USA, 1998.

Bradley, G.H., Buss, A.H., An Architecture for Dynamic Planning Systems Using Loosdy
Coupled Components, Proposad for Reimbursable Research, Naval Postgraduate School

Monterey, CA, USA, 1997.

Brown, G.G., Vassliou, A.L., Optimizing Disagter Rdlief: Red-Time Operational and Tactica

Decision Support, Nava Research Logistics, Vol. 40, pp. 1-23, 1993.

Buss, A.H., Modeling with Event Graphs, Proceedings of the 1996 Winter Simulation

Conference, D. Morrice, J. Charnes (eds), Coronado, CA, USA, 1996.

Buss, A.H., A Tutorid on Discrete-Event Modeling with Simulation Graphs, Proceedings of the
1995 Winter Smulation Conference, K. Kang, W. Lilegdon, D. Goldsman (ds), Arlington,

VA, USA, 1995.

Chan, P, Lee, R., Kramer, D.,The Java Class Libraries, Second Edition, VVolume 1, Addison-

Wedley , Berkeley, CA, USA, 1998.

81



Chan, P, Lee, R, The Java Class Libraries, Second Edition, Volume 2, Addison-Wedey ,

Berkeley, CA, USA, 1997.

Fanagan, D., Java in a Nutshdl, A Desktop Quick Reference, Second Edition, O'Rallly,

Sebasopol, CA, USA, 1997.

Law A.M., Kelton W.D., Smulation Modding & Anayss, second edition, McGraw-Hill Inc.,

New York, NY, USA, 1991.

Schrepf, N.J, Common Data Transfer Format - CDTF, Verson 1.0, HQ ARRC,

M onchengladbach, Germany, 1996.

SHAPE, APP-6, Military Symbols for Land Based Systems, NATO unclassfied, Belgium,

1986.

Weber, J.L., Using Java 1.2, Specia Edition, QUE, Indianapolis, IN, USA, 1998.

Zukowski, J., Java, AWT reference, O’ Rellly, Sebasopol, CA, USA, 1997.

82



ACE
AFSOUTH
ARRC
BH

Cc2

C3
CDTF
HQ
IFOR
JDK
Lat

Lon
MAG
NATO
NC3
OAB
OO0TW
SACEUR
SHAPE
UN
UTM

FLORA
GIF

Ini file
VY

PNG
THISTLE

ABREVIATIONS

Allied Centrd Europe

Allied Forces South

ACE Rapid Reaction Corps
BosniaHerzegovina

command and control

command, control and communications
Common Data Transfer Format
Headquarters

Implementation Force

Java Development Kit

Latitude

Longitude

Micro Processor Application Group
North Atlantic Treaty Organization
NATO Command Control and Communications
Operationd Andysis Branch
Operations Other Than War

Supreme Allied Commander Europe
Supreme Headquarters Allied Power Europe
United Nations

Universa Transverse Mercator

SYNONYMS

Geographica user interface for displaying of maps and tactica symbols
CompuServe Graphics Interchange Format

Initidization file for software modules

Movement smulation

Portable Networks Graphic

Software architecture which alows loosdly coupled components to interact with
each other
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